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Evaluation and Analysis of Chinese Grain Production Water Use Efficiency
Based on Super-efficiency DEA Model

TAN Zhongxin  GUO Xiangyu
(College of Economics and Management, Northeast Agricultural University, Harbin 150030, China)

Abstract; Water resource is one of the most important input factors in agricultural production. Despite
the relative abundance of water resources, China is still considered as a water stressed country with
approximately 2 100 m’ per capita per year. Aiming to construct the evaluation index system to
comprehensively evaluate the water use efficiency and find out the problems concerning water as
production input factors during the water usage process in China’s grain production. The super-efficiency
DEA method was applied to evaluate the water use efficiency within China’s grain production sector from
2009 to 2014, and to find out the proper adjustment direction and adjustment level. Eventually the
countermeasures and suggestions for improving grain production’ s water use efficiency in China were put
forward. The results showed that there were substantial differences in grain production’ s water use
efficiency among China’ s four major economic zones. The northeast region had performed the highest
efficiency level and possessed slightly fluctuate trend simultaneously, while the central and western
regions revealed the lower efficiency level and greatly fluctuate trend. Last but not the least, the eastern
region with the lowest efficiency level characteristic experienced the declining trait. In addition, there
were significant differences in grain production’ s water use efficiency among different provinces which
was attributed to unreasonable water input allocation within the grain production’ s sector; the serious
problem of co-existence of water input redundancy and inadequacy phenomena, which precisely reflected
the failure in mutual promotion between irrigation system and effective precipitation in China’ s grain
production sector.
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Tab.1 Evaluation index system for water use efficiency of grain production
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Tab.2 Evaluation criteria for water use efficiency

of grain production
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Tab.3 Comprehensive value of water use efficiency

of grain production with different DMUs

X1  DMU 2009 4F 2010 4F 2011 4F 2012 4F 2013 4F- 2014 4F
JEx 1,01 0.80 1.02 0.80 0.83 0.60
K 0.62 0.76 0.54 0.55 0.59 0.70
Wik 0.80 0.78 0.63 0.81 0.80 0.87
k¥ 11 118 1,10 1.13  1.11  1.10
WA 0.75 0.8 0.68 0.81 0.81 0.74

A Wit 0.67  0.59  0.55 0.53 0.50 0.51
wHE 059 0.55 0.50 0.52 0.48 0.49

%  1.03  1.03 0.82 1.03 1.02 1.02

J7K 0 0.49  0.48  0.44  0.47 0.42  0.47

WE 0.45 0.43 0.38 0.42 0.38 0.41

W 0.62 0.70 0.67 0.8 0.72 1.02

R 0.66 0.64 0.56 0.61 0.55 0.60

‘ VEVE 1,03 0.81 1.01 1.00 1.01 1.0l
i WE .08 112 1.09 1.10 1.07 1.09
Wik 0.80 0.78 0.71 0.72 0.69 0.71

W® 1,03 0.83 1.00 1.01 0.76 0.88

W5d 1,08 1.09 1.07 1.03 1.04 1.07

78 0.60 0.62 0.54 0.59 0.55 0.55
#FRO1L19 118 1.09 113 1.12 1.17

il 1,01 1,02 0.90 1.00 1.01  1.02

M 1.18 1,14 0.66 1.04 1.03  1.06

—_ =B 0.63 0.60 0.63 0.66 0.63 0.66
PER  1.04 1.03 1.06 1.05 1.03 1.03

Bep§ 072 1.02  1.04 1.01 1.02 1.02

H# 0.67 0.79 0.49 0.56 0.55 0.6l

FHH 0.62 0.68 1.01 1.01 1.01 1.01

FHE L2660 1.25 1.20 1.25 1.27 1.23

e 1,23 115 1,16 1.25 1.24  1.38

IF 075 071 0.75 0.75 0.80 0.66

4t FHHR O L19 1,17 124 1.22 1.27 1.31
ML 1,05 1.05 1.04 1.04 1.05 1.07
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Fig.2  Average annual water use efficiency of grain

production in different regions
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Tab.4 Projection analysis of blue water in grain production

MU 2009 4 2010 4 2011 4F 2012 4 2013 4 2014 4

P /w0 MR/ R/ % P E/m R/ R/ R/ % PR E/mS ER/% R/ %
Kt -1.53x108 -14.84 -3.80x10% -42.21 -3.59x10% -41.73 -3.02x10® -35.58
L -1.28x10° -11.65
I -7.31 %108 -22.62 -6.22x108 -17.15
M5 9.00x107  0.76
LT -2.64x10° -31.41 -2.36x10° -28.89 -1.81x10° -22.75 -2.86x10° -31.80 -2.37x10° -28.61 -3.37x10° -42.72
EH 1.43x10°  15.56  2.84x10°  30.27  4.98x10°  50.65  4.95x10°  50.41  2.21x10° 2467  6.85x10°  74.62
I -1.21x10"0 =50.65 -5.01 x10° =-20.77 -1.42x10"0 -58.12 -3.97x10° -18.87 -5.97x10° -27.31 -1.23x10° -57.22
WL -3.09x10° -42.28 -3.92x10° -55.08 -4.50x10° -66.42 -3.54x10° -62.23 -4.06x10° =-70.06 -3.77x10° -67.16
TR -2.65x10° -18.68 -3.37x10° -24.01 -3.68x10° -27.06 -2.82x10° -21.91 -4.63x10° -35.17 -2.10x10° ~-18.59
md -3.43x10° -62.12  -3.40x10° -6413 -3.59x10° -67.04 -3.15x10° -65.27 -3.51x10° -7L.15 -3.76x10° -71.97
W& 5.5x107 0. 50
MR 2.55x10°  22.82  4.17x10°  41.39  6.19x10°  62.83  5.68x10°  53.84  2.27x10° 18.96  6.13x10°  66.29
WAL -3.84x10° -32.74  -2.62x10° -25.57 -2.89x10° -28.36 -5.51x10° -43.17 -5.53x10° -46.77 -5.01x10° -42.62
e -3.37x10° -20.19 -5.03x10% -2.86
TR -1.56x10"0 -83.93 -1.47x10"0 -78.40 -1.47x10"" -79.28 -1.56x10"" -80.42 -1.32x10'" -81.40 -1.30x10" -80.08
FH —1.44%x10" -79.95 -1.34x10"0 -75.23 -1.33x10"0 -75.35 -1.24x10"" -73.88 —1.40x10"° -78.70 -1.39x10" -77.89
W -2.03x10° -77.35 -2.04x10° -79.55 -2.04x10° -80.12 -2.04x10° -79.57 -2.14x10° -83.29 -2.28x10° -84.25
WK 1.34x10° 6230 1.30x10°  56.80 2.14 x 108 8.92
iyl -1.55x10° -13.34
e -1.51x10° -35.67
ZH -4.60x10° -57.56 -4.20x10° -54.03 -2.70x10° -37.54 -2.85x10° -38.53 -2.29x10° -36.40 -2.27x10° -35.20
BevE 559 x10%  -12.02
il -2.07x10° -27.48 -3.38x10° -60.32 -3.12x10° -5494 -3.24x10° -58.07 -3.25x10° -51.83
FHiE -9.51x10% -77.94 -9.27x10® -79.26

RS BMEREFFEKEISN
Tab.5 Projection analysis of green water in grain production

MU 2009 4 2010 4F 2011 4F 2012 4F 2013 4 2014 4

PRR/m® HERR/ % EE/mY WER% R RE/m HER/% R/ RER/% EEE/mY R/ % R/ R/ %
Jbm 4,30 x107 7.22 8.60x107  16.27
Kt -5.70x107 -6.27 -4.40x107 -3.74
W -1.07x10%  -0.67
] -1.52x10° -20.43 8.43x10°  16.36
W 4.60x107  0.45  2.25x10°  20.40
LT -7.27x108  -6.80 -2.43x10° -15.23 -2.53x10° -20.04 -2.55x10° -15.60 -8.14x10® -5.25 —1.42x10° -13.56
FA 3.86x10° 2428 2.73x10° 1251 5.14x10°  31.88  1.57x10° 7.09 8.48x10%  36.26  3.98x10°  21.58
iy 1.03x10%  15.20 2.10x107  3.52
I -1.19x10°  -5.51 -2.25x10° -11.81 -5.10x10° -21.68
Wi “2.17x10%  -5.48 -3.30x10® -6.40 -2.05x10% -4.31 -1.28x10° -25.63
T -5.59%x10° -21.88 -6.85x10° -2.69 -8.74x10° -34.93 -528x10° -18.92 -7.26x10° -24.54 -—1.39x10'" -43.00
mdE -1.88x10%  -4.95 -2.58x10° -5.52 -8.53x10® -22.74 -5.60x10° -12.93 -9.97x10® -2L.12 -1.60x10° -35.34
I 514 x108 5.01 4.50 x 108 3.84
IR 4.06x10° 1833  4.92x10°  22.57 4.76x10° 2178 2.66x10°  12.04  2.34x10° 1181
MR L18x10° 3621  1.24x10'0  40.00 5.07x10°  16.48  7.90x10°  28.61
WL -1.57x10°  -9.03  -1.07x10° =558 -3.24x10° -21.27 -9.97x10® -5.77 -1.72x10° -9.44 -6.15x10° -31.24
WE 2.92x10°  20.13
TR -1.06x10° -8.74 -3.16x10° -25.11 -5.08x10° -44.62 -4.07x10° -32.26 -6.29x10° -44.32 -5.44x10° -45.57
JP -1.63x10°  -10.86 -3.63x10° -33.69 -2.61x10° -20.93 -3.84x10° -27.90 -5.57x10° -41.24
R -8.75x10% -46.06 -5.02x10° -29.21 -1.07x10° =56.42 -7.95x10%° -40.34 -9.06x10® -44.61 -6.04x10° -41.34
i 1.91x10°  9.48  2.29x10°  11.20  -7.03x10®8 -3.59
M -5.94x10° -55.90
oH -1.01x10"0 -44.54 -1.02x10"° -44.49 -1.03x10"° -58.30 -6.74x10° =-39.73 -1.03x10'0 -49.59 -9.77x10° -53.84
il -2.24x10° -38.03 -1.61x10° -22.21 -1.13x10° -16.34 -9.70x10% ~-15.75
B -2.86x108 -37.19 -1.03x10% -14.13
TH 1.27x105  8.90 3.85x10%  21.64
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